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DESCRIPTION 



■ METHOD FOR DIAGNOSIS OF OPTIC NEUROPATHY 

TECHNICAL FIELD 

The present invention relates to a method and kit for 

diagnosis of optic neuropathy. 
BACKGROUND ART 

Glaucoma is a major cause of blindness worldwide, and 
estimated approximately 67 million persons suffered from some 
form of glaucoma. The majority of cases occur as late adult 
onset {typically over age 40 years) of primary open-angle 
glaucoma (POAG) , which is the most 'common form of glaucoma and 
affects approximately 2% in white population and 7% of black 
population oyer 40 years old. POAG results in a characteristic 
visual field changes corresponding to the excavation of the 
optic disc that is usually associated with an elevation of 
intraocular pressure (lOP) . Normal-tension glaucoma (NTG) is 
a form of open-angle glaucoma in which typical glaucomatous 
cupping of the optic nerve head and visual field loss are 
present but in which there is no evidence of increased lOP over 
21 mm Hg at all times. In Japan, prevalence of glaucoma is 
approximately 3.5% over 40 years old: POAG 0. 58 % and NTG 2 - 04 % , 
Prevalence of NTG in Japanese population is high compared with 
that in other populations. Glaucoma is a multifactorial 
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disorder characterized by a progressive optic neuropathy 
associated with a specific visual field loss, and results from 
the interaction of multiple genes and environmental influences, 
although intraocular pressure (lOP) is a major rislc factor for 
5 glaucoma . 

Risk factors to develop glaucoma include high lOP, age, 
race, positive family history, myopia, the presence of 
diabetfes or hypertension, and genetic factors. Although the 
exact pathogenesis of glaucomatous optic neuropathy is remains 

10 unclear, it is generally accepted that an increased lOP is a 
major risk factor. Current treatment for glaucoma consists of 
interventions which lower lOP- However, in some patients with 
glaucoma, NTG or advanced stage of POAG, reduction of lOP does 
not prevent the progression of the disease, indicating that 

15 factors other than an increased lOP may be involved in the 
development or progress of glaucoma. 

POAG and NTG are a heterogeneous group of conditions . 
probably with different multi-factorial etiologies resulting 
in the observed patterns of neuronal loss in the optic disk- 

20 The association between glaucoma and the presence of many 
systemic vascular diseases including low systemic blood 
pressure, nocturnal dips in blood pressure, hypertension, 
migraine, vasospasm, and diabetes has been reported. The 
presence of optic disc hemorrhages in NTG patients suggests 

25 that vascular insufficiencies are deeply involved in the 
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development and progression of NTG. A high percentage of 
patients with POAG receive a wide variety of medications for 
coexisting disorder- Especially, systemic hypertension was. 
the most common disorder, occurring in 48% of the total 
population* 

Glaucoma-like morphological changes have been reported 
in patients with Leber's hereditary optic neuropathy (LHON) 
at the atrophic stage and dominant optic atrophy (DAO) . 
Recently, the inventor has reported optic disc excavation by 
a quantitative analysis using Heidelberg retinal tomography 
(HRT) in the atrophic stage of Japanese 15 patients with LHON 
harboring the 11778 mutation. LHON is a 

maternally-transmitted eye disease that mainly affects young 
adult men. Approximately 70% of patients were male- This 
disease usually causes severe and permanent loss of vision 
resulting in a visual acuity of less than 0.1- visual field 
defects are present as central or cecocentral scotomas. So far 
more than 20 point mutations of mitochondrial DNA (mtDNA) have 
been reported in LHON patients worldwide, and more than 80% 
of LHON patients carry one o£ three mtDNA mutations at 
nucleotide position 3460, 11778, or 14484. 

The major difference among LHON patients with one of 
these mtDNA mutations is in the clinical course. The 34 60 and 
14484 mutations are associated with better visual prognosis 
than the 11778 mutation which shows visual recovery rates of 

3 
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only 4% to 7%. Howeverr visual recovery has been documented 
in some patients with the 1177S mutation and an age of onset 
in the low teens . Recovery of vision appears to be more likely 
when visual deterioration begins at an early age, even in 
patients with the 11778 mutation. 

The clinical variability of LHON patients, which - 
includes age at onset, male predilection^ incomplete 
penetrance, and visual recovery, suggests that the disease 
most likely results from polygenic or multifactorial 
mechanisms, possibly involving environmental stressors, 
X-chromosomal loci, and other mtDNA mutations. However, 
attempts to identify a relevant locus on the X^chromosome have 
not been successful . So-called ^^secondary LHON mutations'' are 
more frequently found in European LHON patients than in 
unaffected Europeans and are polymorphisms linked to the 
European haplotype J- These polymorphisms are not strong 
autonomous risk factors - 

Thus, the primary mutations are the major risk factors 
in LHON, but additional etiologic factors that augment or 
modulate the pathogenic phenotypes appear to be necessary- 
Considerable evidence indicates that heavy alcohol and/or 
tobacco use increases the risk of optic neuropathy in LHON . 
families, although one study did not find this association. 
Possible secondary genetic interactions are complex and not 
firmly established, 

4 
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(2 0) HSP7Q-a (t— hi^a S'^^T'o-t'-O' 70-1) Jt-fii^ : 190 
(2 1) MTHFR (;^f^l^V5" h^fc K»ii^3S5c^^) St-^ : 677 
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(2 3) PON2 (x-?^:^^^-^— 2) St-g^ : =» K^-^-i" 311 ^*S'>':*'5^-< 
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10 ^{C*5ft-S 1G/2G 
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(3 1) 5^'>y Vat-^^: = K>'#-^369t(t^^:7 3i^yVT7=i:^^/cf*n<r 
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(3 3) TP53 it^^ : = K>'4li-^ 72 ^fc*sr/l'^^:^^fc»7'a y >• 
(3 4)' 5 ^ c v'— ^Mj^sK^S^ Kt: K^— (ephxi) : = K>'#-§- 

113 ^iti^^tJ S^^-^/^dt^ t ^T^^^V 

:^?&mi^. m^mmxMi I uz.is},^x (i) - 02) <o\,^'rti'f>^j^^^< t 

10 3 ) ~ ( 3 4 ) OV^-m:*=»i!^5fe < i ^> 1 ot^m-S^^MiSr^^W-r ^ w Sr«i^^ 

3f:^5gi^*5V>-r. rc9099Aj ^oaiSri, it^OS^S^m (5C^u;d-5^K 
em) A«i:6<JlJ:t±ai:^^«5^^-^9099*feO>>h'»' (C) -ii^r^^ 

15 (A) ^;l^MU.'CV^s::l^^^?fe'rSo "^^rttri^ ^^•^9099#:{j:5^h 
(c) ^fcfiT-v^^i^ (A) &^r55t^^#MAS^&-r§;ii:?£r^-r'bco 

;*:5S§lfc*5VNX, rGinl92Argj ^«>^IBtt. 5 T t 

o = K (r 3: y m^%^ 192 -Et^^ 

20 ^ys^V (Gin) ;&ST^ws¥:=.V (Arg) teggH UXV^5 r i: SrS^fe-TSo 
f*:inf4, = FV^-^ 192 {a:{;:^y (Gin) (Arg) 

25 (single nucleotide polymorphism: SNP) S3 itJ'^I^S? t-'^j-*?'' Ki^fo 
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15 So 

20 ;5S-5]-^i:7'£;5„ 
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y ;5^iJ^^BStC^&:fe-C«ri:*Snr^t::«i!!3. M^^M^^QOL (Quality of life) 

SIT. ^^m^^mwn^^^^^\^wm^^mir^it>^^ :ithi'i^mm(DmM 

HXaDAdPUS 1 Polymorpllic Vasiantis of Genes Assooxated wi-tli 
2^p1:osxs and Oxidative Steess in I.^e»'s Heiredi-tary Qpt;ic 

10 

Purpose: To determine whether genetic polymorphisma for 
oxidative stress and apoptosis cause the clinical variability 
in patients with Leber's hereditary optic neuropathy (LHON) . 
ISAaaERXKLS UND MBTHODS 
15 Pa.t:±ent:s 

We studied 86 unrelated Japanese patients with LHOlI 
carrying the 11778 mutation with homoplasmy, Their mtDNA 
mutation was confirmed by polymerase chain reaction followed 
by a restriction-enzyme assay which revealed concordant gain 
20 of an MaelZI site. 

The mean age at the onset of visual loss in 8 6 LHON 
patients was 25.1 ± 13.0 years with a range 3 to 65 years. 
Genomic DNA Eactraction and Geno-byping 

DMA was extracted from peripheral blood leukocytes by 
25 ' the SDS-proteinase K and phenol/chloroform extraction method. 
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Polymorphisms were examined in the oxidative stress-related 
gene,- microsomal epoxide hydrolase (EPHXl) and the 
apoptosis-related gener TP53, 

Each polymorphism was identified using polymerase chain 
5 reaction-restriction fragment length polymorphism (PCR-RPLP) 
techniques (Talkie 1) - 



Table 1. Primer sequences, product size, and annealing temperatures 



Gene 




Prxiner sequences 


Product 
Size 
(bp) 


Axineall&9 
Tompei^dtttare 
(^) 


Restriction 
Bnzyme 


TP53 


F 
R 


TTG CCG TCC CAA GCA ATG GAl? GA 
TCT GGG AAG GGA CAG AAG ATG AC 


199 


60.0 




EPHXl 


F 
R 


GAT CGA TAA GTT CCG TTT CAC C 
TCA ATC TTA GTC TTG AAG TGA GGA T 


165 


36.0 


EcoR V 



The associations between age at onset and the 
15 polymorphisms were presented in Table 2-1 and Table 2-2- 

Table 2-1- Association hetween age at onset and TP53 (Arg7apro) and EPHXl 



(Tyrll3His) gene polymorphism in Leber's hereditary optic neuropathy 



20 



Gene . 


Genotype 


P 


TP53 (Arg72Pro} 

Age at onset 


Arg/Arg 


Arg/Pro + Pro/Pro 
28.1±X3-8(n«51) 


0.009 


BPHXl (TyrllSHis) 

Age at onset 


Tyr/Tyr + Tyr/His 
27.9±l3,9(n=45) 


His/His 
22.1±11.4<n«41) 


0.038 



P value for t-test 



Table 2-2. Association between age at onset and TP53 (Arg/Arg) and EPHXl 



. (His/His) gene polymorphism in Leber's hereditary optic neuropathy 



Group 1 


Group 2 


Group 3 




Arg/Arg and His /His 


Arg/Arg or His /His 


others 


17.7±9.3 (n=19) 


25.3±11.3 (n=38> 


29.8±15.1 (n=29) 


0.0044 



p value tor Kruslcal-Wallis 
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Grpup 1: Patients who have 7U:g/Arg at codon 72 in TPS3 and His/His at codon 
1X3 in EPHXl 

Group 2: Patients who have Arg/Arg at codon 72 in TP53 tout not His/His 
at codon 113 in EPHXl, or Hia/His at codon 113 in EPHXl but not 
Arg/Arg at codon 72 in TP53 

Group 3: Patients other than Groups 1 and 2 

As shown in Table the codon 72 genotype in TP53 

and the codon 113 genotype in EPHXl were significantly 
associated with younger age at onset of Leber's hereditary 
optic neuropathy* 

As shown in Table 2-2, the co-existence of the Codon 
72 genotype in TP53 and the codon 113 genotype in EPHXl were 
significantly associated with younger age at onset of Leber's 
hereditary optic neuropathy • 

These results indicated that detection of the Arg/Arg 
horaozygote in TPS 3 and His/His homozygote in EPHXl make 
possible the early -diagnosis and early treatment of Leber' s 
hereditary optic neuropathy. 

These results also indicated that the Codon 72 
polymorphism may interact with mitochondrial dysfunction to 
influence disease expression. Individual variations may 
exist in the apoptotic response that is correlated with the 
polymorphism at codon 72 of p53. Bonaf e et al (Biochem Biophys 
Res Commun 2002,-299:539-541.). reported that cultured cells 

16 
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from healthy sxabjects carrying the Arg/Arg genotype underwent 
more extensive apoptosis than cells from Arg/Pro siibjects in 
response to the cytotoxic drug cytosine arabinoside. Thusr 
naturally occurring genetic variability at the p53 gene could 
5 partly explain individual differences in In 

susceptibility of cells to a chemotherapeufcic drug- Dumount 
et al (Nat Genet 2003;33:357-365), reported that the Arg72 
variant was more efficient than the Pro72 variant at inducing 
apoptosis, with at least one mechanism underlying this greater 
10 efficiency being enhanced localization of Arg72 variant to 
mitochondria in tumor cells. The synthetic p.53 inhibitors 
might be highly effective in treating LHON in which neurons 
died by apoptosis triggered by mitochondrial impaiirment and 
oxidative stress. 

15 

Example 2 MitoehondriaLl D>3A mutiations related with Xiober ' s 
heredxtexs^ op-txc neurppathy in primary open-angle gXaucomai and 
noxm^l^tensxon* .g'laiieoiaa, 



20 KaterxaXs and Methods 
Patients 

A total of 651 blood samples were collected at seven 
institutions in Japan. There were 201 POAG patients, 232 NTG 
patients, and 218 normal controls, and none of the subjects 
25 was related to others in this study. 

17 
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The mean age at the time of examination was 61 • 2 ± 16-0 
years in POAG, 58-8 ± 13-6 years in NTG, and 70.6 ± 10,9 years 
in the control subjects • The mean age of the control subjects 
was significantly older than that of POAG patients (P <0-001) 
5 and the NTG patients {P <0.001) . We purposely selected older 
control subjects to reduce the probability that a subset bf 
■them would eventually develop glaucoma. There were 112 (55, 7%) 
men in the POAG group, 108 (46.6%) in the NTG group, and 89 
(40.8%) in the control group. 

10 Patients were considered to have POAG if they had a 

normal open-angle, a cup--disc ratio greater than 0,7 with 
typical glaucomatous visual field loss on either Goldmann or 
Hvimphrey perimetry, and the absence of ocular, rhinologic, 
neurological, or systemic disorders which might be responsible 

15 for the optic nerve damage- Patients with NTG had an TOP of 
21 mmHg or lower. Patients with exfoliative glaucoma, 
pigmentary glaucoma, and corticosteroid-induced glaucoma were 
excluded. 

Two-hundred-eighteen control samples were obtained 
20 from Japanese subjects who had no known eye abnormalities 
except for cataracts- These subjects were older than 40 years, 
had lOPs below 21 mm Hg, had normal optic discs, and no family 
history of glaucoma. 

]3eteot;ion o£ mtDJSOi. Mlat»t;xOAS hfy Znvader^ Assay 

25 Genomic DNA was isolated from peripheral blood 
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lymphocytes by standard method© of phenol-chloroform 
extraction* 

The primary probes (wild and mutant probes) and Invader® 
oligonucleotides (Invader® probe) used to detect the six mtDNA 
mutations (G3460A, T9101C, G9804A, G11778A, Tl4484cV* " and 
T14498C) by the Invader® assay are shown in TaI»Xe 3. 

Table 3 Vh& oli.«oinicXeot:i£le seqwanco of wild tsypo, anxtant, and Invadar piotoo» v±tli invader assay to detect 



aaitationfl of mCDHA 
Nucleotide Target 


Prdba Sequonce 


m 




G346QA 


Antil-sexise 


Wild iu::6(SM2GCQG3y3gcCiataadactcttcacca 
Mutant OGCGOCGftiScSaccataaaactcttcaccaaa 
Invader ccctacgggctactacaacccttcgctgact 


63.2 
63.3 
77-7 


BSD 
FAM 


T9101C 


sense 


Wild CBGGOcJEBCCsatgataagt^tagagggaagg 
Mutant MCSGAOGOGQWSgtgataagtgtagagggaag 
Invader oocqacaacaatttctacjcrataatcagtagaattagaattgtgaa^ 


€4.1 
62.2 
76.B 


»£D 






Wild lUlx^^^^QGCx^GAGgccacaggcttcca 
Mutator OgCGOOgftgCaccacaqgett.ccac 
Invader catttccgacggcatctacggctcaacattttttgtaT 


63,7 
63.7 
76.7 


EAM 
BED 


G11778A 


Anti-sense 


Wild ACG^tfXSaaaifigcatcata^tcctctcECcaag 
ixiutant oecocOG»GGacatcataatccrctctcaag 
Invader gcctagcaaactcaaactaogaacgcactcacagtct 


63.5 
62.2 
77.7 


BSD 


7144840 


' Sense 


Wild OGCGCXXSftGSatggttgtctttggatatactac 
^Jcit^At i«xsffl\ccsaBGAGgtggttgtctttggatatacta 

Invader ttttgggggaggttatatgggtttaatagtttttttaatttattcagggggaatgc 


63.4 
62. e 
76.0 


BED 


T14498C 


sense 


Wild ot3GQOGG?wt3Gatttagggggaatgatggt 
Mutant ACGGADSOQGtuSgtrtiagggggaatgatgg 

Xav&d^x tgttattattctgaattttgggggaggttatatgggfcttaatagtttttfctaatttT 


64.0 
62.7 
74.1 


BED 



Invader(B> assay FRET-detection 256-well plates {Third' 
Wave Technologies, Inc, Madison, WI) contains the generic 
components of an Invader® assay (Cleavase® enzyme VIII, FRET 
probes, MOPS buffer, and polyethylene glycol) dried in each 
of the individual wells. The biplex format of the Invader<© 
assay enabled simultaneous detection of two DNA sequences in 
a single well* 

19 
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The detail method was described previously- In briefs 
8 jil of the primary probe/Invader*^/mixture and total DNA (10 
ng) samples were added to each well of a 96*-well plate, and 
were denatured by incubation at 95^ C for 10 min. After X5 ]xl 
5 of mineral oil {Sigma, St. LouiS/ MO) was overlaid oxi'all 
reaction wells, the plate was incubated isothermally at S'^** 
C for 2 hoiirs in a PTC-100 thermal cycler (MJ Research, Waltham, 
MA) and then kept at 4® C until fluorescence measurements* The 
fluorescence intensities were measured on a CytoFlour 4000 

10 fluorescence plate reader (Applied Biosystems, Foster City, 
CA) with excitation at 485 nm/20 nm (wavelength/ bandwidth) 
and emission at 530 nm/25 nm for FAM dye; excitation at 560 
nm/20 nm and emission at 620 nm/40 nm for Redmond RED (RED) 
dye. Each samples was tested in duplicate in the. same plate 

15 and two fluorescence measurements were performed in each plate. 
Thus, four measurements were obtained for each sample and they 
were averaged , 
DireG-b D1$IA Sei^enoing 

To detect mutations by direct sequencing, the PGR 

20 products were first purified with the QIAquick PGR 
Purification Kit (QIAGEN, Valenica, CA, USA) to remove 
unreacted primers and precursors. The sequencing reactions 
were then performed using the ABI PRISM BigDye Terminator 
(v.3.1) Cycle Sequencing Kit, according to the manufacturer's 

25 protocol (Applied Biosystems) • The data were collected by the 
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ABI PRISM 310 Genetic Analyzer and analyzed by the ABI PRISM 
sequencing analysis program (v. 3. 7) • 

Table 4 - Primer sequences 



m u tat ion 


3460 


F 




R 


1 1778 


F 




R 


144S4 


f 




R 


9101 


F 




R 


9S04 


F 




R 



Primer Sequences 
^5* to 3'^ 



CAG TCA GAG G TT CAA TTC CTC 

TGG GGA GGG CGG TTC ATA GTA 

GGC GCA GTC ATT CTC ATA AT 

AAG TAG GAG ACT GAT ATT TG 

GCT TTG TTT CTG TTG AGT GT 

AAA ATQ CCC TAG CCC ACT TC 

GTC ATT ATG TGT TGT CGT GC 

CAC ATC CGT ATT ACT CGC AT 

CGG ATQ AAG CAG ATA GTC AG 



10 

KE$UIiTS 

A total of 651 Japanese subjects were studied- When a 
nucleotide substitution is located within a primary probe or 
an invader probe, the examined cases showed no reaction to both 
15 probes by Invader assay. In such cases, direct sequence 
analysis showed single nucleotide polymorphisms (SNPs) at the 
nucleotide position of 9099, 9101, 9102, 9797, and 9815 • 

As shown in arable 5, 7 patients including S females and 
2 males harbored 5 mutations of mtDNA, and have not developed 
20 LHON. Two patients (Cases 1 and 2) harbored novel amino acid 
changes which have not been to associated with LHON, and 5 
patients (Cases 3 to 7) harbored LHON mutations - 

These mtDNA mutations were not detected in normal 
controls . 

25 
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Table 5. 



Case 


mt:DKlA. mut:ati.on 


Patient 


1 


C9099A mutation (lie to Met) 


POAG (Male) 


a 


T9101G mutation (lie to Ser) 


POAG ( Female ) 


• 3 


T910XC mutation (He to Thr) 


POAG (Female) 


4 


G9804A mutation (Ala to Thr) 


POAG (Male) 


5 


69804A mutation (Ala to Thr) 


NTG (Female) 


6 


G11778A mutation {Arg to His) heteroplasmy 80% 


POAG (Female) 


7 


G11778A mutation (Arg to His) heteroplasmy 15% 


NTG (Male) 



As described above r we found 5 xntDNA mutations including 
2 novel mtDNA mutations in glaucoma patients- These results 
5 indicated that mtDNA mutations is one of the risk factor to 
develop or progress the glaucoma, and detection of the mtDNA 
mutations makes possible the early diagnosis and early 
treatment of glaucoma. 

10 ESxan^le -S Gene poX^fmospliisins o£ tlie rend.n-ang^i.o'tensin 

£tXdostecone sy&fa&OL associate witlx zrxsk for developing pcuaaxy 
open-an^le 9*laLUcoma auidl noann^l- tens ion g-laucpma. 

Purpose: Multiple environmental and genetic factors may be 
15 involved in pathogenesis of glaucoma* To predict genetic risk 
of glaucoma, an association study in gene polymorphisms of the 
renin-angiotensin-aldosterone (R-A-A) system was performed, • 

22 
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MlVITERXAIiS and MSTHODS 

Patd^ente and Con'brol dtm^ST dub^ee^s 

A total of 551 blood samples were collected at seven 
institutes in Japan. They were 162 POAG patients / 193 NTG 
5 patients, and 196 normal subjects, and none of the subjects 
was related to others in this study. 

The average age at examination was 58.8 ± 13.7 years 
in NTG/ 62.0 ± 15*4 years in POAG, and 71.2 ± 10.4 years in 
normal subjects. The average age of the normal control subjects 

10 is significantly higher than NTG patients (p <0«001) or POAG 
patients (p <0.001), respectively. This could reduce the 
possibility that a subset will eventually develop glaucoma. 
The familial history was recorded in 66 (34.2%) out of 127 NTG 
patients and 49 (30.2%) out of 113 POAG patients. Male patients 

15 were 89 (46.1%) in NTG and 87 (53.7%) in POAG, and 77 (39.3%) 
in normal subjects - 

One hundred ninety-six Japanese control samples were 
obtained from individuals who had no known eye abnormalities 
except cataract- These subjects were older than 40 years with 

20 lOP below 21 mmHg, no glaucomatous disc change, and no family 
history of glaucoma. 
Genotyping 

Seven genes and 10 polymorphisms in the R^A-A system 
were determined for each subject with glaucoma or normal 
25 Japanese control with renin (REN) I8-83G>A, angiotensin II 

23 
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type 1 receptor (ATIR) 1166A>Cr -5210T, -713T>G, angiotensin 
II type 2 receptor (AT2R) 3123C>A^ cytochrome P4.5011B1 
(CYPllBl) -344T>C, and chyraase (CYM) 31230A, were identified 
using by polymerase chain reaction-restriction fragment 
5 length polymorphism (PCR-RFLF) • The angiotensin-converting 
enzyme (ACE) insertion/deletion (I/D) was determined only 6y 
PGR and agarose gel electrophoresis. To avoid the false 
determination of ACE/ID polymorphism, I allele specific 
amplification was carried out following the protocol of 
10 Lindpaintner et al (N Engl 0" Med 1995; 332: 706-711) . Genomic 
DNA was isolated from peripheral blood lymphocytes by 
phenol-chloroform extraction, the primer sets and restriction 
enzymes used were listed in Tal>Xe 6. 

15 Table 6. Primer pair sequences used for FOR amplification, and restriction 



enzymes of polymorphic sites in renin angiotensin system 



25 





Polytnocphlsm 


PrXme£ sequences 


Annealing 


Producr size 


enxymn 






I8-83G>A 


TGAOOTTCGAGTCGGCCCCCT 




250bp 


Mi>oJ 


G: 


250bp 






TCOCCAAACATGOCCACACAT 








a: 


171+79bp 


ACS 


I/D l3V. Step 


GCCCTGCAGGTGTCTGCAeCATGT 
















GGATGGCTCTCCCCSCCTTOTCTC 




i: 59'7bp 










2nd. stGp 


T6GCAGCACAGCGCCCGCCACTAC 


67*C 


D/D: no product 












TCGCCA6CCCTCCCATGCCCATAA 




Xi 33Sbp 








ATI 


ai66A>C 


GAGGTTGAGTGACATGTTCGAAAC 


SO'C 




Dd&l 


A: 


253bp 






CC3TCATCTGTCTAATGCAAAATGT 








C: 


15S+9Bbp 




-5210T 


CGTGATGTCTTTATCTQGTTTTG 


60^ 


270bp 


Sapl 


C: 


270bp 






CGAACTTTGGTAATACAGTTGTGG 








T: 


I44'i-126bp 




-713T>C 


AAACTACAGTCACCCTACTCACCT 




292bp 


Hintl 


T: 


170-»-122bp 






TTCTTCACA3«CTC rXCCAA 








G: 


2d2bp 


ATS 


31230A 


GGATTCAQATTTCT CTTTGAA 


src 


340bp 


AluT 


C! 


34 0bp 






GCATAGQAGTATQATTTAATC 








A: 


227+ll3bp 


CYPllBl 


•-344C>T 


CRGGAGGGATGA6CAGGCAGAGCACAG 


63"C 


404 bp 


HaeXXZ 


C: 


333bp + 71bp 






CTCACCCAGGAACCTGCTCTGGAAACATA 








T: 


404 bp 


CUA 


-1903A>G 


GGAAATGTGAGCAGATAGT6CAGTC 


51TC 


28Sbp 


BatXX 


As 


28Sbp 






AATCCGGAGCTGGAiGAACTCTTGTC 








6s 


19Si-S0bp 
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The genotyping angiotensinogen (AGT) T174M, M235T was 
determined using by Invader assay®. 
BSSUIiTS 

Gezxot^rpe d±striJbutxon of R-A-A sysl^em xn J*apanese popial.ai;i.on 
5 Of 10 polymorphisms in R-A-A system, three showed a 

significantly difference in frequencies of genotypes: 
REN/I8-83G>A for POAG^ ATl/-713T>G for POAGr and AT2/31230A 
for NTG {a?al:>I.e 7) • A 31230A polymorphism was associated with 
only female patients with NTG, 

10 A frequency of homozygous G genotype (GG) in AT1/-713T>G 

polymorphism was significantly higher (p«0.04 for TT+TG v GG) 
in POAG patients (4.2%) than in controls (0 - 5%) . 2\nd a frequency 
of homozygous A genotype (AA) in REN/I8-83G>A polymorphism was 
significantly lower {p=0.03l for GG+GA v AA) in POAG patients 

15 (0.7%) than in controls (5.5%). A frequency of CA+AA genotypes 
in AT2/31230A polymorphism was significantly higher (p=0 - Oil 
for CC V CA+AA) in female patients with NTG (70-8%) than in 
female controls (55-0%). 
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Table?. Association between glaucoma (POAGandNTG) and gene polymorpnism 



of the renin-angiotensin aldosterone system. 



5 



Gene 


Gene 
Pol ymorolii sm 




Geno 
Frecrv 


type 
lencv 


P 


Renin 


I8-83G>A 




GG+GA 


AA 


POAG 


152 
(99*3%) 


1 

(0.7%) 


0.031 


NTG 
(n=185) 


177 
(95.7%) 


8 

(4.3%) ' 




Control 
(n-lSS) 


173 
(94.5%) 


10 

(5.5%) 




ATI 


-713T>G 




TT+TG 


GG 


P 


POAG 
(11=165) 


158 
(95.8%) 


7 

(4.2^) 


0.04 


NTG 

<n«208) 


208 
(100%) 


0 

(0.0%) 




Control 
(n=198) 


197 
(99,5%) 


1 

(0.5%) 




AT2 


31230A 
(Fexoale) 




CC 


CA+AA 


P 


POAG 
(n=79) 


34 
(43,0%) 


45 
(56.0%) 




NTG 

<n=120) 


35 
(29.2%) 


85 
(70.8%) 


0.011 


Control 
<n=lll) 


54 
(45.0%) 


66 
(55,0%) 





15 

Associa-bxon 3=^t:ween t;wo pxomotiear polymorplixOTis xn ATI in FOAG 

pa.t:xen.1;:3 

A frequency of POAG carriers with combined homozygous 
-'521T and homozygous -713G (4,2%) was significantly higher 
20 (p=0,01i) than that of normals (0%) (ICabXe 8). Only POAG 
patients, neither NTG nor normal subjects, had this genotype - 
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Table 8. Distribution of genotypes of ATI -S21T allele and -713G allele 



5 



Group 


A 


B 


p 


POAG 


7 


158 


0-011 


(n=165) 


(4.2%) 


(95-8%) 




NTG 


0 


208 




(n=208) 


(0.0%) 


(100,0%) 




Control 


0 


198 




(N=198) 


(0.0%) 


(100.0%) 





A: Subjects wlt:h two -S21 alleles and two -713G alleles 
B: Subjects not satisfying the criteria for Group A. 



These results indicated that gene polymorphism of the 
10 renin-angiotensin aldosterone system is one of Important 
genetic risk factors for development of glaucoma- Detection 
of the REN/I8-83G>A and AT1/-731T>G polymorphisms make 
possible the early diagnosis and early treatment of POAG. 
Especially, specific genotype of combined homozygous -521T and 
15 homozygous r713G in the ATI gene is useful for the early 
diagnosis of POAG. Detection of the AT2/31230A polymorphisms 
make possible the early diagnosis and early treatment of female 
patient with NTG. 

20 Example 4 Gene poXsfmoxphxsxns o£ the Endot]iel±n gene associate 
with risk for developing noaMitfi 1 - tension gla.xicoma 

Methods 
Patients 

25 A total of 605 blood samples were collected. There were 
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178 POAG pafcientSr 214 NTG patients, and 213 normal controls, 
and none of the subjects was related to others in this study. 
Patients were considered to have POAG if they had a normal 
open-angle, a cup-disc ratio greater than 0.7 with typical 
5 glaucomatous visual field loss on either Goldmann or Humphrey 
perimetry, and the absence of ocular, rhinologic, neurological 
or systemic disorders which might be responsible for the optic 
nerve damage. Patients with NTG had an lOP of 21 mmHg or lower - 
Patients with exfoliative glaucoma, pigmentary glaucoma, and 

10 corticosteroid-induced glaucoma were excluded. Control 
samples were obtained from Japanese subjects who had no known 
eye abnormalities except for cataracts. These subjects had 
lOPs below 21 mm Hg, had normal optic discs, and no family 
history of glaucoma. 

15 Detechxon of G/T paXymaxphXem of endothelxn <ET) gene by 
Xnvader assay 

DNA was isolated from peripheral blood lymphocytes by 
standard methods of phenol-chloroform extraction, and G/T 
polymorphism (Lys/lys, Lys/Asn and Asn/Asn) at codon 198 in 
20 exon 5 of ET gene was determined by the Xnvader® assay. The 
primary probes (wild and mutant probes) and Invader® 
oligonucleotides (Invader® probe) used to detect the G/T 
polymorphism of ET gene are shown in Table 9. 
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Table 9. 



Mutation change 


Target 


Probe 


Sequence 


Tm 


Dye 


B0» ex9 OT G to T 


Sen^e 


MUtOAt 

Invader 


cgcgccgaggCTTGCCTTTCAGCTTGG 

acTOacgcggagAX^GCC^tTtCA0CTXG(3 

GTTG7GGGTCACATAACGCTCTCTGGAGGGT 


64.6 
64.0 
76.9 


FAM 

RED 


Invader® 


assay 


FRET- 


detection 96-well plates 


(Third 





Wave Technologies, InC/ Madison,. WX) contains the' generic 
components of an Invader® assay (Cleavase® enzyme VIII, FRET 
probes, MOPS buffer, and polyethylene glycol) dried in each 
of the individual wells.. The detail method was described 

10 previously. In brief, 8 \il of the primary 

probe/rnvader®/mixture and total DNA (10 ng) samples were added 
to each well of a 96-well plate, and wezre denatured by 
inciibation at 95° C for 10 min- After 15 p.1 of mineral oil (Sigma, 
St- Louis, MO) was overlaid on all reaction wells, the plate 

15 was incubated isothermally at 63° C for 2 hours in a ptC-100 
thermal cycler (MCr Research, Waltham, MA) and then kept at 4° 
C until fluorescence measurements. The fluorescence 
intensities were measured on a CytoFlour 4000 fluorescence 
plate areader (Applied Biosystems, Foster City, CA) with 

20 excitation at 485 nm/20 nm (wavelength/ bandwidth) and 
emission at 530 nm/25 nm for FAM dye; excitation at 560 nm/20 
nm and emission at 620 iim/40 nm for Redmond RED (RED) dye. Each 
sample was tested in duplicate in the same plate and two 
fluorescence measurements were performed in each plate. Thus, 

25 four measurements were obtained for each sample and they were 
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averaged . 

rpj^^ genotype frequencies of G/T polymorphism (Lys/lys^ 
Lys/Asn and Asn/Asn) at codon 198 in axon- 5 of ET gene are 
5 presented in SaOble 10. 



Table 10 • The genoi:ype frequency at codon 198 in exon 5 of et gen© 



10 



Group 


n 


Genoi:ype Fre<^uency 


P 




P 


l»ys/lya 


Lys/Asn 


Asn/Aan 


Lys/lys 


Lys/Asn 

+ 

Asn/Asn 


Control 


213 


94 
(44-1%) 


93 
(43.7%) 


26 
(ia.2%) 




94 
(44.1%) 


119 
(55,9%) 




ntg 


214 


120 
(56.1%) 


72 
(33.6%) 


22 
(10.3%) 


0.046 


120 
(56-1%) 


94 
(43.9%) 


0.014 


VOAG 


178 


82 
(46.1%) 


77 
(43.3%) 


19 
(10.7%) 




82 
(46.1%) 


■ 9-^ 
(53. 9%) 





These results indicated that Lys/Lys homozygote of ET-1 
15 gene at codon 198 in exon 5 is one of the risk factor to develop 
or progress the NTG, and detection of the Lys/Lys homozygote 
makes possible the early diagnosis and early treatment of NTG. 

HacanqpXe 5 Novel Gene Mttt:a.-t:±ozi, P2ie369l.eii, in CTapanese 

20 Patients with Parimary Open-angXa Glaucoma Detected by 
Denaturing High-performance Z^iquia Chrooeaatography 



Purpose: To screen for mutations in the MYOC gene in Japanese 
patients with primary open-angle glaucoma (POAG) using 
25 denaturing high-performance liquid chromatography (DHPLC) . 
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Hal:ec±aXs and He'bKbds 

Blood samples were collected from 171 POAG patients and 
100 normal subjects at seven Japanese medical institutions. 
5 The subjects were unrelated, and their mean age at the time 
of examination was 55.1 ± 16.0 (± standard deviation) years 
for the patients with FOAG and 70-5 ± 10.6 years for the normal 
subjects. We purposely , selected older control subjects to 
reduce the probability that a subset of them would develop 
10 glaucoma, 

A detailed family history was obtained by interviews 
in 55 POAG patients (32.2%). There were 91 men (53.2%) in the 
POAG patients, and 41 men (41.0%)' in the normal subjects. 
DNA Extraction and PCH Condition;^ 

15 Genomic DNA was isolated from peripheral blood 

lymphocytes by standard methods. The seven exonic regions of 
the 2^0C .gene were amplified by polymerase chain reaction (PGR) 
using the primer sets listed in Table 11. For high-throughput 
analysis of the patients r samples from throe patients were 

20 pooled. The PGR reaction was performed with a thermal cycler 
(iCycler; Bio Rad, Hercules^ CA) in a total volume of 25 |xl. 
The PGR conditions were; denaturation at 95** C for 9 min? 
followed by 35 cycles at 95^ C for 1 min; 58** C f or 30 sec (Table 
1) ? and 72** C for 1 . 5 min? a final extension step was then carried 

25 out at 72^ G for 7 min. For heteroduplex formation, each PGR 
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product: (25 jxl) was denatured al: 93* C for 5 min and gradually- 
cooled to 25** 

For analyses of a few samples ^ each of seven exonic 
regions was amplified simultaneously by PGR in a 96-well plate 
5 (96-well Multiplate, MiiP-9601; MJ Research, Waltham, MA) - 
Seven wells were used for each -patient. Primer sets were" 
designed to be effective using a single annealing temperature 
of 58^ C (Table ai) • 

10 Table 11. Primer sequences, product size, and PGR annealing and DHPLC 
analysis temperatures 



15 



ExQn 




(5' to 30 


Product 
fii^A (bo) 


FOR Tm 


DHPLC Titt 

coy 


1A 


F 
R 


AQC ACA GCA QAO CTT TCG AGA GQA 
CTC CAG GTO TAA GCG TTG G 


302 


58.0 


61.9 


IB 


F 
R 


GAG GOO ATG TOA GTC ATC CA 
TCT CAT TTT CTT GCC TTA GTO 


298 


58.0 


61.2, 64.5 


1C 


F 
R 


CAA AOC CAA AGO AGA GAG 

ATA TOA OCT GOT GAA CTC AGA GTO 


255 


58.0 


61.0. 63.5 


2A 


F 
R 


OCT CAA CAT AGT CAA TOO TTG GGC 
ACA TGA ATA AAG ACC ATG TGG GCA 


245 


58.0 


56.3. 59.3 


3A 


F 
R 


GAT TAT GQA TTA AGT GGT GOT TCG 
TGT CTC GGT ATT CAG CTC AT 


375 


58.0 


59.3. 61.3, 62.3 


dB 


F 
R 


CAT ACT GCC TAG GCC ACT GGA 
ATT GGO GAG TGA OTG CTT AO 


337 


5B.0 


60.9. 61.4 


ZG 


F 
R 


GAA TCT GQA ACT OGA ACA AA 
OTG AGO ATC TCC TTC TGC CAT 


333 


58.0 


59.7. 61.7 


DenatTixTxng- HPIiC Analysis 










For 


high-throughput analysis, a 


25 ixl 


volume 


of PGR 



products from the three patients was automatically injected 
into the chromatograph for analysis using the WAVE® System for 
DHPL6 analysis (Transgenomic, Omaha, NE) . The DHPLC melting 
25 temperatures are listed in Table 1. For analysis of a small 
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nximber of samples, following 96-well-plate PGR, the plate was 
next placed in a WAVE® System programmed to automatically 
analyze each well at two to three melting temperatures. 
Approximately 3 .hrs was sufficient time to analyze one 
5 individual's sample. 

When abnormal chromatographic patterns were detected 
in the pooled samples by the high- throughput protocol, the 
sample was reanalyzed individually in the WAVE® System. The 
PGR product that showed the abnormal chromatographic pattern 
10 was then sequenced. 

Dxxeciz DHA Se^exxexng' 

For direct sequencing, PGR products were purified with 
a QIA Quick PGR purification kit (Qiagen, Valencia^ CA) to 
remove unused primers and precursors. The PGR products were 
• 15 directly sequenced with the same forward and reverse PGR 

amplification primers on an ABI310 automated sequencer using 
BigDye chemistry according to the manuf acturer'^ s recommended 
protocol (Applied Biosystems, Poster City, CA) • 
Hesuliss 

20 Screening o£ Pools of SNA xn 171 Pat;3.ent:s 

Four DHPLC tracing patterns in the Exon3C region were 
shown in Figure !• The upper most pattern (A) has a normal 
appearance, while the middle pattern (B) showed a broad 
shoulder, and the lower patterns (C andD) had a characteristic 
25 double peak pattern indicative of sequence variations in this 
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region. Sequencing analysis of samples and D revealed 

Thr448Pro^ Pro481Ser, and Ala488Ala mutations (O^aBXe 12) - 

Four glaucoma-causing mutations were identified in 5 
(2.9%) of 171 patients with POAG. In addition^ eight 
polymorphisms and five synonymous codon changes were 
identified (TaSale 12) . One novel missense mutation, Phe369lieu 
detected in exon 3 (Figuare 2) was not present in 100 normal 
Japanese subjects. The three other missense mutations, 
Ile360Asn, Ala363Thr, and Thr448Pro have been reported in 
Japanese patients with POAG. 

Tahle 12. MYOC mutations and polymorphisms in patients with POAG and 



con-trols 



Exon 



Mutations 



3 
3 
3 
3 



Sequence Amino aold 
change 



c.1079T>A 

cJ087G>A 
c.1105T>C 
c.1342A>C 



Ile360A8n 
Ala3WThr 
Phe369Leu* 
Thr448Pro 



Frequency 
patients controls 



1/171 0/100 

2/171 0/100 

1/171 0/100 

1/171 0/100 



Polymorphisms 



2 
2 
3 
3 
3 
3 



o.34G>0 
c.57G>T 
C.1360T 
0.2100T 
C.2270A 
C.3690T 
G,473G>A 
0.6110T 
C.6240G 
o,364C>T 
c.1110G>A 
C.14410T 
C14640T 



GIy12Arg 
GinlSHis 
Arg46Stop 
Val70Val* 
Arff76Ly8 
Thr123Thr 
Arg15SGtn 
Thr204Met 
Asp208Glu 

Ue288Uo 
Pro370Pro 
Pro481Ser 
Ala488Ala 



1/171 
1/171 
1/171 
2/171 
14/171 
1/171 
t/171 
0/171 
5/171 
1/171 
0/171 
1/171 
3/171 



2/100 
1/100 
1/100 
0/100 
9/100 
0/100 
1/100 
1/100 
2/100 
0/100 
1/100 
0/100 
1/100 



Novel myocilin mutation; ^ novel myocilin polymorphism. 
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Scraeoxng of Xndxvxdual Pa-blezi'tis 3^ Pla'to PGR j^olXowedby DHPXiC 
A DHPIjC tracing from a patient with POAG is shown in 
FigiiTO 3, In the exonSB region r an abnormal tracing indicative 
of sequence variation can be seen, which proved to represent 
5 a Phe3J69Iieu mutation on direct sequencing. 

Bxamp}.® 6 Variants in Optineurin Gene and their Association 
. with Timor Necrosis Factor-ct (--857C>T) Polymorphisms in 
Japanese Patients with Glaucoma 

10 

'Purpose: To investigate sequence variations in optineurin 
(OPTN) gene and their association with TNF--a polymorphism in 
Japanese patients with glaucoma. 
SUBJECTS. METHODS 

15 Patients and Control Subjects 

A total of 651 blood samples were collected at seven 
institutions in Japan. There were 201 POAG patients, 232 NTG 
patients / and 218 normal controls , and none of the subjects 
was related to others in this study. 

20 DHA Kxtxaction andl PCR Conditions 

Genomic DNA was isolated from peripheral blood 
lymphocytes by phenol-chloroform extraction. The 13 exonic 
coding regions of the OPXN gene were amplified by polymerase 
.chain reaction (PGR) using the primer sets listed in Table 13- 

25 A 20-base GC-clamp was attached to some of the forward primers 
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to de-bect xaut:at:ion$ in the higher melting temperature domain 
by DHPliC analysis. In high-throughput analysis ^ samples from 
three patients were pooled. PGR was performed with a thermal 
cycler (iCycler, Bio-Rad; Hercules, CA> in a total volume of 
5 20 fil containing; 45 ng of genomic DNA, 2 p,l Genei^p lOx PCR 
buffer 11/ 2 )xl of GeneAmp dNTP mix with a 2.0 mM concentration 
of each dNTP/ 2.4 jj.1 of a 25 mM NgCla solution; 4 pmol of each 
primer/ and 0.1 U of AmpliTag Gold DNA polymerase (Applied 
BiosystemSr Foster City, CA) . PCR conditions were; 
10 denaturation at 95** C for 9 min^ followed by 35 cycles at 95* 
C for 1 min, 55' to 60* C for 30 sec (Ta]>le 13)/ and 72** C for 
1 min and 30 sec, and a final extension step at 72* C for 7 
min- 
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Table 13. Primer sequences, PGR product sizes r and PGR annealing and DHPLC 



analysis temperatures 



Exon 




Primer Sequences 
C5'to3') 


PCR product 
size (bp) 


PCR 
Tm CO) 


DHPLC 


4 


F 
t> 


CCAGTGGGTTTGTGGGACTCC 


317 


60 


61.7 


5 


F 

D 
XV 


GTCCACTTTCCTGOTOTGTGACT 
A Af* ATCACA ATGGATCG 


277 


55 


58.7 


6 


F 


AGCCTTAGTTTGATCTGTTCATTCA 
GTTTCATCTTTCCAGGGGAGGCT 


293 


60 


57.0, 62.5 


7 


F 
R 


GC-clamp AATCCCTTGC ATrTCTGlTTTT 
GTGACAACCACCCAGTGACGA 


188 


55 


59A61.4,62.4 




F 
R 


GC-clarap GGTTACTCTCTTCTTAGTCTTTGGA 
GGGTGAACTGTATGGTATCTTAATT 


320 


57 


54A 58.5 


9 


F 

R 


GC-clamp GCTATrTCTCTTAAAGCCAAAGAGA 
CAGTGGCTGGACTACTCTCGT 


242 


55 


57.4,59.4 


10 


F 

Jtv 


GC-claaip GTCAGATGATAATTGTACAGATAT 

A ATrtTATAXTTY^A A AGfiAGGATA A A 


227 


55 


57.8,59.8 


U 


F 
R 


CCACTGCGACGTAAAGGAGCA 
CAAATCCGAATTCCAATCTGTATAA 


286 


€0 


57.5, 59.5 


12 


F 
R 


OC-clamp GOtTGGGAGGCAAGACTATAAGTT 
TTCTGTTCATTACTAGGCTATGGAA ' 


233 


60 


55^. 563 


13 


F 
R 


CAGGCAGAATTATTTCAAAACCAT 
CGAGAATACAGTCACCGCrGG 


264 


60 


S8.9.61.9 


14 


F 
R 


GCACTACCTCCTCATCGCATAAACA 
GGCCATGCTGATGTGAGCTCr 


260 


60 


S6,7,59.7 


15 


F 
R 


GC-clamp GGACTGTCTGCTCAGTGTTGTCA 
GGTGCCTTGAtTTGGAATCCA 


282 


60 


56.0,59.0,61.0 


16 


F 
R 


GColamp CACAACTGCCTGCAAAATGGAACT 
GAGGCAAAATATTTGAGTCAAAACA 


294 


60 


61,7 



GC-clamp : CGCCCGCCGCCGCCCGCCGC 



Denaturlngr HPIiC Analysis 

• 5 DHPLC analysis was performed using the WAVE^ SYSTEMS 

(Transgenomic, Omaha, NE) . For heteroduplex formation, 
products of each PCR (20 jLil) were denatured at 95** C for 5 min 
and gradually cooled to 25* C. The annealed PCR products from 
the three mixed samples were automatically Injected into a 

10 DNASep® cartridge (Transgenomic, Omaha, NE) . 
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Buffer A (TransgenomlCr Omaha, NE) was made up of 0-1 
M triethylairanonium acetate (TEAA) , and Buffer B of 0,1 M TEAA 
and 25% acetonltrxle * Analysis was carried out at a flow rate 
of 0-9 ml/min and the Buffer B gradient increased by 2%/inin 
5 for 4-5 min. Elution of DNA fragments from the cartridge was 
detected by absorbance at 2 60 nm* The temperatures used for 
the analysis were selected according to the sequences of the 
DNA fragments. The WAVEMAKER software (v»4.1/ Transgenomic, 
Omahar NE) predicted the melting behavior of the DNA fragments 

10 at various temperatures- The predicted melting domains within 
the DMA fragment determined the temperatures for the DHPLC 
analysis (TabX® 13) - When abnormal chromatographic patterns 
were detected In a pool of three samples ^ each of the three 
samples was re-analyzed individually in the WAVE® SYSTEM, Then, 

15 the PGR product that showed an abnormal chromatographic 
pattern was sequenced • 
I>±a7ec't DHA Se<iaenci.ng 

To detect mutations by direct sequencing, the PGR 
products were first purified with. the QIAquick PGR 

20 Purification Kit (QIAGEN, Valenica, CA, USA) to remove 

unreacted primers and precursors. The sequencing reactions 
were then performed using the ABI PRISM BigDye Tejnninator 
(v. 3.1) Gycle Sequencing Kit, according to the manufacturer's 
protocol (Applied Biosystems) • The data were collected by the 

25 ABI PRISM 310 Genetic Analyzer and analyzed by the ABI PRISM 
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sequencing analysis program (v-3.7)- • 
Gano^Yping OP0?N c;.4l2G>A. (Thar34Ths) Pol^fsnorplixsiii 

rphe G to A substitution at position c.412 in exon 4 of 
the OBTN gene was detected by using restriction enzyiner 
5 ifpyCH^IV <New England BioLabs, Beverly, MA) , with the " same 
primers listed in *!*abXe 13 for the DHPLC analysis. The G allele 
sequence was cut into two fragments (188 bp + 129 bp) by HpyCHjIV, 
while the A allele sequence remained intact <317 bp) . 
Genotyping TOE'-a -857C>!I? Pol:sfmozpli±sm 

10 Genotyping the -857C>T polymorphism in the TNF-or 

promoter region was performed according to Kato et al# (Am J 
Med Genet 1999;88:301-304) using the forward primer, 
5'-AAATCGAGTATGGGGACCCCCCGTTAA-3' , and the reverse primer, 
5'-CCCCAGTGTGTGGCCATATCTTCTT-3' - The forward primer 

15 contained one nucleotide mismatch (bold and underlined) , which 
allowed the use of the restriction enzyme, iJinclI (TaKaRa, 
Shiga, Japan) . The C allele sequence was cut into two fragments 
(106 bp +25 bp) by iTlncII, while the T allele sequence remained 
intact (131 bp) - 

20 StatisticaX Analyses 

The frequencies of the genotypes and alleles in patients 
and controls were compared with the chi-square test and 
Fisher's exact test- The odds ratio and 95% confidence 
intervals (CI) also were calculated. The Hardy-Weinberg 

25 equilibrium for the observed frequencies was also calculated. 



Conv orovided bv USPTO from the IFW Image Database on 03/10/2005 



The clinical features were analyzed for differences associa-bed 
with the genotypes using unpaired t test. Statistical analysis 
was performed with StatMate III {ATMS/ Tokyo, Japan) . AiP value 
of <0\05 was considered to be significant, 
5 BESUXaTS 

OP!I7N Varaants in Japanese Sixbjects 

A total of 651 Japanese subjects were studied^ and the 
results are presented in TabXe 14 « 



10 Table 14 . OPTN variants observed In glaucoma patients anc^ control subjects 



Sequence Codon Frequency in Subjects (%) 



15 



Location 


Changes 


Chan€:es 


POAG 


NTG 


Control 


Exon4 


C.3860G 


H!s26Asp 


.1/201 (0.5) 


0/232(0) 


0/218(0) 


Exon4 


c,449-451de!CTC 


Leu47del 


0/201(0) 


0/232(0) 


1 / 21 8 (0.5) 


BxonS 


c*603T>A 


Met98Lys 


33/201 (16,4) 


50/232(21.6) 


36/218(16.5) 


Bxon 16. 


0,1944G>A 


ArgS45G1n 


14/192(7.3) 


15 / 222(6.8) 


11/214 (5.1) 


Bxon 4 


c.412G>A 


Thi34Thr 


69/201 (34.3) 


74 / 232 (31.9) 52 / 218 (23.9) 


Exon 4 


c:421G>A 


Pro37Pro 


0/201 (0) 


1/232(0.4) 


0/218(0) 


Exon4 


C.4570T 


Tlir49Thr 


2/201(1) 


0 / 232(0) 


0/218(0) 


Exon 16 


C.2023OT 


His571His 


0 / 162 (0) 


0/193(0) 


2/196 (LO) 


Intron4 


c.476fl50A 




0/201 (0) 


0 / 232 (0) 


1 / 218 (0.5) 


Intron6 


c.863-10G>A* 




N/Ct 




N/C 


Intron6 


C.863-50T * 




' WC 


N/C 


N/C 


IntronS 


c.l089+20G>A 




4/133(3.0) 


11/172 (6,4) 


4 / 126 (3.2) 


£ntron9 


C.1192+190T 




0/133 (0) 


4/172(2.3) 


3 / 130 (2.3) 


Tntron 1 1 


c.l458+2SG>C 




1/133(0.8) 


4/172(2.3) 


0/157(0) 


Intron 15 


c.l922+10G>A 




2/133 (1.5) 


4/172(2.3) 


1 / 157 (0.6) 


Inlron 15 


C.1922+12G>C 




0/133(0) 


1/172(0.6) 


0/157(0) 


Intron 15 


C.1923-4SOA * 




WC 


N/C 


N/C 


* Sequence variation was found lyy direct sequencing analysis, 
t Not checked 



Seventeen sequence changes were identified in the 
25 glaucoma patiients and cont;rol sxibjects. Among these^ 3* were 
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missense changes, 1 was a dele1:±on of one amino acid residue, 
4 were synonymous codon changes # and 9 were changes in noncoding 
sequences* One possible disease •causing-mutationr His26Asp/ 
was identified in one POAG proband and her relatives with NTG, 
5 and was not present in the 218 normal Japanese controls. A 
deletion of Iieu47 {3-bp deletion^ CTC) was found in 1 controls 

Four synonymous nucleotide substitutions, c,412G>A 
(Thr34Thr) , c.421G>A (Pro37Pro) , C.4570T (Thr49Thr) , and 
C.2023OT (His571His) were found. The Thr34Thr substitution 
10 was present in 69 POAG patients, 74 NTG patients, and 52 

controls, and the Pro37Pro was found in 1 NTG patient. The 
Thr49Thr was identified in 2 POAG patients, and the His571His 
was present in 2 controls. 

Distribution of OPTN Vazriant^s ±n i7apandse Subjects 

15 The Thr34Thr {c*412G>A) polymorphism was significantly 

associated with POAG and NTG in both genotype frequency and 
allele frequency {TabXe X5) • The most significant association 
was found in patients with POAG and controls (P =0,010 in 
genotype frequency and P« 0,004 in allele frequency). The 

20 observed genotype frequencies were in agreement with those 
predicted by the Hardy-Weinberg equilibrium. 
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Table IS, Genotype distribution and allele frequency of optineurin gene polyzaorphisms 



in cases and controls 













Canotyne frcqxicncy (%) 




GenotVDC foattencv I9ft^ 




Alhifa frequency (■)£) 








OfA 


A/A 




G/U 


G/A-fA/A 




€UO*C«A 


A/A 


P value 


O 


A 


p valua* 


POAO 


201 




59 (29^) 


10(9.0) 


0.0} n 


]32<65.7) 


69(34.3) 


0.018 0 


191 (95.0) 


IO(5J0) 


aoi7B 


323(803) 


79(19.7) 


0.00411 


NTC 


292 


t58(«S,0) 


^<28.S) 


8a.3> 


0.0^ 


158(68.0) 


74(32,0) 


0.058 


224(96.5) 


8C3.5) 


0.107 


382(82^) 


82(17,7) 


0.027 D 


H-NTGa 


168 


1I2<66.7) 


48<28^) 




ao2in 


112 (66.7) 


56(33.3) 


0.040 


160(95.2) 


8(4.8) 


0.024 0 


272(81.0) 


64(19.0) 


0.01 1 0 


b-NTOa 


64 


d6(71.9) 


]8(2B.I> 


0(0) 


0.496 


46C7I.9) 


I8CZ8.I) 


0487 


64(100) 


0(0) 


I 


Il0(85i2 


18(14.1) 


0.617 


Ooniicl 


218 




50 {22.91 


KI.O) 




166(76.1) 


52 (23.^) 




216(99.0) 


2<I,0) 




382(87.6) 


54(iZ4> 










GcRotVDC freauCTcy (^i 




CcnotvDc flncQUcftcy (9ft) 


GCflQTVlMl fimu6rt£ 


iy(n) 


Allc 


Jefreooencv 


(H) 


CbanictaisTiQE 


n 


T/r 


T/A 


A/A 


J9 vattie* 


rrr 


T/A+A/A 


ft value* 


T/r+T/A 


A/A 


0 v<Ju& 




A 




FOAG 


201 


168 (83.6) 


32C».9) 


l(0.« 


0^8 


168(83.6) 


33(16.4) 


0,979 


200(99.5) 


U0.5) 


1 


368(91.5) 


34 (8 J) 


0.988 


NTC 


m 


182(784) 


4$CI9.4} 


5(2.2) 


0.168 


182(784) 


50(21.6) 


0.174 


227(97.8) 


5(M> 


0J217 


409(88.1) 


55(11.9) 


0.096 






131 C78.0) 


32(19.0} 


S(3J0) 


0.096 


131 


37(22.2) 


0.171 


163(07.0) 


9(3,0) 


0.090 


294(87.5) 


42(12.5) 


0.068 


L-NTQo 




51 (79.7) 


U(203) 


0(0) 


0.673 


51 (79.7) 


)3<Z0J) 


0.481 


64(100) 


0(0) 


1 


115 n9.7) 


13(203) 


0J59 


Control 


218 


182(83J> 


35<l«.0) 


1(0.5) 




182(83.5) 


36(16.5) 




217(99.5) 


1(0.5) 




399(91,5) 


37 (8J) 





* p valaQfarX^tcft. 

p vnlua Tor ¥iAta*s. c*nj}t tost, 
n H means h^MccaNTO.Max{aitinlOP ^ICromHs. 
□ Lmeanf low-cecnNTGLMtxImuiilOP :£l5inmll^ 

# ^ <0.0J 

The clinical characrtexistics of the glaucoma patients / 
such as age at diagnosis/ lOP at diagnosis, and visual field 
5 score at diagnosis ^ were examined for associati-on with 

c-412G>A (Thr34Thr> andc.603T>A (Met98Lys) polymorphisms as 
listed in Table 16. The glaucoma patients did not show an 
association with the clinical characteristics for the G/G and 
G/A+A/A genotypes in Thr34Thr or for the T/T and T/A+A/A 
10 genotypes in Met98I.ys. 
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10 



Table 16 • Comparison of clinical characteristics of glaucoma patients according 


to OPTN genotypes 
«^12C>AaHr34Thr) 










PhcnotvDc Variable 


G/Q 


G/A+A/A 


0 value* 


l»OAG 


at diagnosis (ys) • 
lOP 8t diagnosis (mm 
Visiml G«ld $care at diagnosis 


53.5 =1: 16.4 (n = 129) 
27.5 d= 7.9 (n»84) 
3.1 * 0.9 (n=131) 


54.5 db 15.9 (□» 69) 
26.8*7.3 (n = 41) 
3.2* 1.0 (n«68) 


0.680 

0.608 
0.139 


"NTG 


Age fit diagnosis (ys) 
lOP at diagnosis (mm Hg) 
Visual field score at diagnosis 


57»1 * 13.3 (n« 154) 
16.7 d: 2.4 (n « 158) 
Md=0.7 (n=156) 


54.5 d:: 13,2 (a= 74) 
16.9*2.1 (fl«74) 
2.7*0.7 (n=74) 


0.167 

0.539 
0.313 


H-NTG 


Agie at diagnosis (ys) 
lOP at diagnosis (mm Hg^ 
Visual fxald score at diagnosis 


58.4 d= 12.9 (n- 109) 
18.0 d= 1.5 (n-Ul) 
2.8 db 0.7 (n=lll) 


54.4* 12.6 (n>= 42) 
17.8* 1.6 (n-42) 
2.7*0.7 (n«42) 


0.117 
0.428 
0.385 






Phcnfttypft Variahlfi 


T/T 


T/A-l-A/A 


o value* 


POAG 


Age at dfagnosis (ys) 
lOP at diagnosis (nun Hg) 
Vtsu^ field score at diagnosis 


53.4 d: 16.0 (n = 165) 
27,2 ±73 (n=152) 
3.f3b0.9 (n-lOe) 


56.2 * 17.1 (n«33) 
27.2*8.3 (n = 29) 
3.3*1.0 (11 = 33) 


0.365 
1 

0.254 


NTG 


Agie at diagnosis (ys) 
lOP at diagnosis (mm Hg) 
Visual Held score at diagnosis 


56.3 ± 13.6 (n= 181) 
I6.7:t 2J3 (n = l82) 
2.8 ±0.7 (n«lSl) 


56.1 * 12.3 (n = 47) 
17,0*2.4 (n«50) 
2.8*0.6 (n«49) 


0,927 
0.419 
1 


H-NTG 


Age at diagnosis (ys) 
TOP At diagnosis (mm Hg) 
Visu^ field score at diagnosis 


57.3 d: 13.0 (n« 130) 
17.8 ± 1.5 (n»131) 
2.7 db 0.7 (n=130) 


57.4* 11.9 (n« 35) 
18.1 * 1.5 (n = 37) 
2.8*0.4 (n = 37) 


0.967 

0.284 
0.408 



•> p valuer For impaired t test. 



K means big^-teen NTG. Maximum lOP &16mmHg. 



As9Qci.at:i.oxi Saeisween OPTN Pol^fsiorplilsa and. TNF-a PoXyiiioxplii.0m 
±11 filaixcoma. Patd-en-bfi; 

No significant difference in genotype or allele 
frequency was noted between patients and controls for the 
-8570T genotype in the promoter region of the TNF-a gene (data 
not shown) . The observed genotype frequencies were in 
agreement with those predicted by the Hardy-Weinberg 
equilibrium. However, among individuals with the C/T+T/T 
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genotype (or -857T carriers) in -the TNF-a gene^ 42.2% of POAG* 
patients were OPTN/412A carriers compared to 21. 6% of controls 
(Table 17) - This difference in frequency was significant (P 
=» 0,0.09) . This association vras not observed in patients who 
5 were OPTN/603A (98Lys) carriers. 
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Table 17. Distribution ot OPTN q&notyp&e {c.412G>A and c.603t>a) according 
to TNF-a genotypes C-8570T) in glaucoma patients and control^ 



POAG 
NTG 
H-KTG 

CorUrol 







9SHC1 


Cn'+T/r(u> 


p vnlne'* 


95 KQ 


&G 


G/A'l-A/A 




GTA+A/A 




42<30.7> 


0^ 


IJ3 




27(4X2> 


0,0099| . 


2.65 




(0.79-2^ ■ 












54P3.7) 


0.095 








0.388 






(0.93*2.52) 










75(d4.l) 


42(3S.ft> 


afls« 






t4C37.« 


a4S3 


1.37 




(P.99»2.S7> 








<0.fi0-9.14> 




36 (1S,0> 






MOM) 


16<21.«) 







e.fiorr>A rM«t9SLM(iY . ^ 


PhenatVD6 •8S70T 


OCCH) 


It mluaf* 


Oddstatio 
9S%CI 


cyr*T/r<%) 




95Ha 




TTT 




T/r 


T/A4-A/A 


K)AG 


119(82.5] 


M(i7^y 


0.729 


1.12 


5S(^.9) 


9(14.1) 


0.575 


0,77 








(O.fiO-2.09) 








(0,30 • 1.94) 


NTG 


IZl (79.6) 


3^(34.4) 


0.069 


1.70 


61 (84.7) 


11 (15 J) 


0.709 


0.85 








(a96-3.01) 








<0^-2.04) 


H-NTG 


88(752} 


29(24.8) 


0.076 


1.73 


43(84.3) 


«(IS.7) 


0.7S3 


0.87 










(a94r3J0> 








(0.39. 


Coaitral 


131 (»4.0) 


23(I«.0) 






61(82.4) 


13 (17.6) 









U meanihiah^Aeo nVG. Maximum TOP & !« mmH^ 
^p«O.OJ 

Xn POAG patientS/ those who were TNF-a/-857T and 
OPTN/412A carriers were associated with significantly worse 
(P= 0.034) visual field scores than those who were TNF-a/-857T 
and non-OPTN/412A carriers (TabXe 18) . This association was 
not observed in patients with H-NTG. 
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Ta]>le 18. Comparison of clinical characteristics of glaucoma patients 
according to OPTN genotypes {c-,412G>A and c.603T>A) and TNF-a genotypes 
(-857C>T> 
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Agendo^ 
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OLSOl 
ft 141 


».4« 11.101-3$) 
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17.6 ±T.S (a- 14) 
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POAO 


lOP Btdtosnosis (onn lIlD 
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54.9± ]4.70)-I12) 
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3.1 0.9 ^-112) 




14:fc«jft Cs-24) 
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atti • 

O.MI 


S(U:C Itf^l (ns»4J 
3fi.4!li0.f 01-45} 


«LI»10.8<a*«9> 
3&4di«L9 (a-^ 
2.1*1,1 


a9ii7 
1 
t 




Ac* at (fiasiasii (yi) 
lor u dia£no«tf <m«» "a) 
Visasl field xaom 


5«.8d: l3.«(n-87> 
17.9 ± 1^ (a- 18) 




17.9 d:M (»-aS9 


083« 

1 

OS36 


5B^XIIA0*e4]) 
l7.7dbl.S O'-'*!) 
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sua: 13.0 (n- 7) 
IM^liS fr-*> 
2.Sdt:04 Ca-t) 


0439 



4^ values (br unpaid t test 
Ai>'«A.09 



10 

EbcasipXe 7 . Gor£elat;±on be-bweexi Gme Pol^orplixsia o£ 
angxo1:ens±ii XX "typ^ ^ vM^inosr and tifcie XOP recLvcing effect of 
angduo^ensdLn XX recepiiox l^looker 

15 Methods 
Patients 

2 4B#ra^OBSjE«>4t^^a!I^L.fco 
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Cnnv orovirferf bv I IRDto fi-om the IFW Imaae Database on 03/10/2005 



RESULTS 

m^lik-^ 1 d^fe 24 ^ra^i<S^laffi<^^il^tCOV^X, Table 19 fC^-f. 



Table 19. 
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iz: fBErP»SliSk*» emfsnttc^lartcc 
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Cnnv >».^,^^o4 K„ M»PTO from the li=W Imaqe Database on 03/10/2005 



( I ) zui/ K-fe y : 3 k:^#-^ 198 y -:>v^fc«:r;x^'?^ 

5 ( 2 ) BDNi V K-fe y 1) aae^ : rngfi^^-isvo ^st^s^ ^ v^fcra^^r 

(3) EDNRA (^:^ K-fe y m.U'f- : 70 bi^^^T^^ii 

(4) EDNRA C:*-:^ K-fe- y ^-S^i*) Sa^^ : 1222 ^£^55^ 1> s^^^^ 

10 

( 5 ) EDNRA iA>' K-fe y ^^^#:) : ^ K^'^^ 323 ^£^5 1 X^i^l^ 

( 6 ) 5 h >' K y T3t^ : 9093 fii^S S> h 5/:^*fcf±r'7'^i> 

( 7 ) 5 h = K y rSte^ : 9101 iiLt^'^ K :x^fc«j?'T=^i^ 

15 ( 8 ) 5: h = K y riS^^ : mSH^-^ 9101 iSLtf^'^ 5 ^-1^ fcfi-V b V 

(9) ^ hritV Ky 7-=^^^ : :^S#-^9804^;5$^5^r^>'^:^::^*r7'^>• 
(l 0) 5 Ky rit-^^ : 117 78 {a>5s^^7'^v'd^e>*rf*=->' 

(II) ATI (7- II ^mi^ 1 ) 3t^^ : m^^-^-713 m^f- 
20 (1 2) ATI (Tl^'¥;r7'V?^>'llS^I*:i) : 4g»fi^-i-52l ia:;6Sv' 

(1 3) AT2 (T:^'^;^-7'>'i^>'llS;^«s^2) ite^ :m^-^3123<i:ds^' 

(14) CNRi (;?;:^-^-Kr>'>r KS5^«ei) : 1359^:05 :/r:^ 

25 :^*^tW:T9^— >- 
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nnnv '^rnvirfed bv USPTO from the IFW Imaoe Database on 03/10/2005 



(15) CNRl C^V-t-K-y-Y H^^^^l) jSte^ 385 ^a^Si^hi^ 

(16) 5-HT2A (-trr h:=.:^S^<*: 2A) 5t^^ : ^^"^ 102 ISdSg^ S 

5 (17) 5-HT2C (-feO h^:>'^^^ 2C) ig-^^F : =^ Ki^^-^ 23 ^*Si>^i? 

(18) CACmiA (;*;/i'->'e'A^Y>'-^/»'aiA) St-^^S 

(19) ATP1A2 i-rh}} !? ^ J^sHP.^^'jr ia2) a&e^#S 

(2 0) HSP70-1 (t— hv's y^^TT'f •^'-YV 70-1) tS-e^ : 190 

(2 1) MTHFR (;»<^V'1^7" h^t Kom^SS^n^) it^^ : 4l;^#-^677 
(2 2) PONl (^^^af'SF-yx?-— ^ 1) 3tlS^ : = Ki^#^ 192 -l&AS V S^:^ 
15 (2 3) PON2 .(^<^:^^>'^— 2) 51'©^ : =» KV^-^" 311 ^t'^'iy^T^ 

(2 4) MNPi ("v h JJ ^'tap^c-T^T— t? 1) 5te-?'<^:7'cf*<— H 
i®tC*5ttS 1G/2G 

(2 5) MNP2 (-^hy S'^^P«i5'ci:7'n7P-r— ^2) 5S^5^ : ^^^-^-1306 
(26) MNP3 (-^ 1- y y^:^^i5'c«:7'a-5^r—^3) 3te^<73:^o-=&— ^— ^ 

JSlftfrjSJtS 5A/6A 

(2 7) BIAR (iSl r KU'-^y i^^^*^) JS^-?^ : ^ K 49 ^3^^"^ ^ 

25 (2 8) BIAR 1 r KU-:?-y i^S^^) : = K>'#-^ 389 ^I^s^y 
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r^^v •wnifiHRH bv USPTO from the IFW Imaae Database on 03/10/2005 



(2 9) B2AR (32 T KU'^y ^-S^flc) Ste^ : =« K:^#-§-l 6fiC:^r/W^ 
(3 O) B2AR >'^mW) it^^ : = KV'#-^1 6 4fe;iS:?^U 

(3 2) :a-:?'f^i=:>*— y V (optn) ate^ : 412 m^^T :=-^^1l1i:. 

10 (3 3) TP53 3t^ : = 12 ^H^T J^^^>'^tLit,ZftJ V 

(3 4) 5; ct>'— Kt K7— ^ (EPHXl) 3&e^ : =3 K>'#^ 
113 'fiS::^'?^- tt *>'>'^fe.tt t: xf^^^* 

• 2 . &,T<oxM[ 1 1 [ 1 1 1 ] «r-&tp, ^^mm(D^m:^mo 
15 ^^mm-r^j:m 

(1) ^^'K-fe-y Vit-e^ : = K>'#-^198-e:^sy i;:^*^::}*^^^^^^^^ 

(2) EDNl (a^VK-fey^"!) it^^F- } S|[»-^-1370 ^;&i^5 V^fctt^'T 

(3) EDNRA (aci^ K-fe y :^g:^<*:) 3^^^ : 70 ffiidSi^ h-S/'i^^fc 
20 J*t/r^>' 

(4) EDNRA (i^^V y i^S^^:) Jt-e^ : 1222 f i^V* 

( 5 ) EDNRA (aii^ K-fe y VS^^:) at-E-^^ : ^ Ki^®-^ 323 ©;&s fc y^^%;>2^ 

25 (6) S h V Kyrs^^^F^ ; t&^li-e- 9099 <fe;dS 5^ b5^:^*fef*r-7'i^>' 
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mnv nrnvided bv USPTO from the IFW Imaqe Database on 03/10/2005 



(7) 5 h=ii^Fj;rite^ : tgg#=-§'9101i|&d2^5>'l^;fc«^^T^>' 

(8) ^hai^Ky Tm.&^ : 9101 5 V^fctt'V h 

( 9 ) 5 h 3 V K y rSt-e^ : 9804 {£*S^Tc=l^^f5lf*T^=^>' 

(10) 5 hsi^KyTat-e^ : 11778 ^a/55:5'ri:^i^;i>br7=^=V 

5 (11) ATI (r>"¥3^7'>'^^>'lI^^^.l) at-^ : ^^•^-7l3T£ds^ 

(12) ATI (Ti^^^i-^^^^i^^ll^^^ls^l) Jt-e-? : *g^'-^-52l 

(1 3) AT2 (rv=¥:^9':^->i^II^I^<4c2) St-e-T- : 3123 {t^JSi/- 

10 h-s^^^^^t^r-^^si^ 

(14) CNRi (:3&>-^li'>'-< K^^#:i) Jt-e^ : itM-^- 1359 -EtdS^r^ 

(1 5) CNRl (;*r>"^tf/'l' K^^^^l) JS^^ : m.mm-^ 385 {i^SVhS^ 
15 (16) 5-HT2A ("fe o > ^i^g^^: 2A) jg-^^ : 102 iSlH^^ 5 

(17) 5-HT2C (-feci h^^'g^^lcac) 3&-fe^ : ^ K>'#-ii^ 23 ^a:;^?^^^-^ 

(15) CACNAIA (;&/uS/'^'A^-Y:^:^i/l'alA) 5t'^#Si 

20 (19) ATP1A2 (-M-y •J^^/;?57y !>A5i«>'7*la2) 5tii^#M 

(2 0) HSP70-1 (fc^hS^a 'jy^^TT'ta-T'^^' 70-1) ^^tF- : 190 

(2 1) MTHFR (^^^■ui^T' h 9 1 h'^mmmymm) ^mm^ en 

25 (2 2) PONl i^<9±^yi ^ 1) St'&T- : = Ki^#'^ 192 itil^i^lf 



nnnv nrnvi«fnrf bv USPTO from the IFW lmac|e Database on 03/10/2005 



(2 3) PON2 iy^^^f^^y^-—^ 2) SS^^ : = K2^ii-i-.311 iiLi^^^^'?"^ 

(2 4) MNPi ('^s' h y ^'c«:7^i3-r-7'-^-g 1) M'B^<D-:^a^—^'-^ 

5 1G/2G 

(2 5) MNP2 hp y^';J<i;<4'o:?'i3^7*— €2) 3i:e-=?- : 4^S^^-1366 

(2 6) MNP3 (-^ h y y^X^ ^'oT^ti^T— ^ 3) 3t'B^<0:7'in^— iS'—^S 
5A/6A 

10 (27) BIAR ( iS 1 r K l^-^ y jg^^ : = Ki^^-^ 4 9 -ffcd^-fe y 

• ^fdt^rJ^y s^v 

(2 8) BIAR (/Sir KV-^y >^S^#^) il-e^ : = K>'«-^ 389 -Cfc^Ssf^y 

(2 9) B2AR (.&2Th'^-rV V^^ftc) St^^ : = KV-^-^l 6tfiE:*Sr/V'¥ 
15 =.>'-Sfc:f*^y,i>'>' 

(3 0) B2AR (/32 r K^-^y >'^^#:) it-e^ : =^ K>'#-^1 6 ^ULTb^^U 

(3 1) *;r'>y V-St^^: » K>'#-B-369'f£;6«:7is::^>^7'9^:^*fc:t*ti'1' 
■J/* J/' 

20 (3 2) y (OETN) : 412 tt^S^T^i^^^ 

(3 3) TP53 St-e^ : =« Kv#-^ 72 ^:d5T/i'=¥^i^*;tf*:^t2 y >• 
(3 4) Sr^'wy'—AM^i^sK'^S^Kt: K^— ^ (ephxI) it^^ : » K>'#-i- 
113 'filEJdS'?^- o fc: X 

25 [II] tfnBXmic<fc oX^fo*l/Sat'e^#MftiiJO» e>^fl=S*5|e|.(^)3t^^SlSr 
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Coov orovideri h>r IISPTO from the IFW Image Database on 03/10/2005 



[III] ^^^nft.mis^mj!»^mM>mM(om&&i v^^/ sxm. 
3 . m^UMii'^mP^w^ 5 VMS u — </\^m^'^^fn-^^ 2 ia^o^^„ 

( 1 ) K-fe !? ^-aa-fig^ : =» 198 y i?j^^fc«:T:'^-''«7^>' 

( 2 ) EDNl (^V K-fe y >- 1) at^^ : m^#>-1370 teJisg^ 5 V* fcFS^r 

10 (3) EDNRA (31 V K-fe: y v^^-ftc) 31-^^ : Mmm^^ 70 h i^^-^fc 

(4) EDNRA (ao- K-fe y ^'S^^:) 3te^ : 4gSS^-S- 1222 ^ffi^^ V '^V* 

(5) EDNRA (n^vK-fey i^S^f*:) Jt^^ : » K^^®-^ 323 ^;65fc:^^i?>' 

(6) 5 h K y TJt^^ : 9099 h '^iy%tz.\t.r'7'=--^ 

(7) * b=x>'Ky rSt^K^ : ^®#^9l01^fc:as^5>'*f=:f*^T=>' 

(8) ? ha^'KyrJt^ : t£^S-^9ion2:*s^5:>'*/i:f±i«'h'>':^ 

(9) 5 hsaJ^Ky TJt-e^ : ^#-9-9804ffi*S^»'7'=>'^fcttT^=i' 
20 (10) 5 h='>'Ky rat-^d^ : ;KS#•^11778^a^^:^^T=V^^feT9'->' 
(l 1) ATI iTl^^ii-T'l^'^l^T.i.^m^l') 5t©^ : *i^#€--7i3 

(12) ATI {Tl^^T^Tiy'^iy 11 S^^ic 1 X 5t^^ : J^#-^-521 ia:;ise^ 

25 • (13) AT2 (rv^:i-"?^>">VII^^#:2) Jt^^ : iS®^"^ 3123 -jfiUiSe^ 
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(14) CNRl (jJ/^-^fcTy^-f KS^f*:i) m^:MS^-^1359m>^^r7':=- 
(1 5) CNRl (;&>'-^fcfy-r KS^flEX) : 385 ^^^-^h-Z^ 

(16) 5-HT2A (-fe e h ^i^S^-Hc 270 : 4^1&-^ 102 {S'si*^ 5 V** 

(17) 5-HT2C (-fen h=^Z^^S^W2C) 3t^^ : = Ki^^-l- 23 

10 (18) CACNAIA (;^7/l^->'!?Af^-W;^/l'alA) m.^^'^M 

(19) ATP1A2 (r^ h y »J^^/;?7 y >>-6»si«v:7' ia2) 3t^^#5^ 

(2 0) HSP70-1 (fc— hi^3 70-1) jt^S-?- : 190 

(21) MTHFR (;?« l-'V-T^ h 9 b Ko^gfe3g7c^m) 5te^^ : 677 

(2 2) POMl (-'■^^^^-^yT? if 1) St-fe^ : =1 Ki^#-^ 192 iiLib^it^ ]) i^^-^ 

(2 3) PON2 (-^^^^J-'Sf-y^—- e 2) aie^ : » K>'#-§' 311 'j2«S^^;5^v''1' 

20 (2 4) MNpi (-^ h y s'^:»i<?«^ct7"nv^T— if 1) at'e^*©:?^^^— ^— ^ 

mK:isi-f^ 1G/2G 

(2 5) MNP2 ("v Ky s'^.5^;'<^n:7't2 7^T— -^2) at^^^ : :^S#-^-l306 

(2 6) MNP3 (-r hy y^:^;^^'W3?'ia^r— -tfa) 3t'g^C5:7'ci"t— jS'— ^ 
25 J^(J:*3{tS 5A/6A 



(27) BlAR (.fflTl^l^^V >-^mm =» KV*^ 49 -S^dS-tr y ly 

(2 8) BlAR <i3 1 T KL--:fy ^-S^^:) 31'^^ : = Ki^li^ 389 {a;ds^y 

5 (2 9) B2AR (3 2 T Ku-^y V^^^^) 5t^^ : = KV#-i-l 6ifc;isr/v3f 

(3 0) B2AR (02 7- KV':?-y 1^^^^) Jt^^ : » Ki^-§-l 6 4fi::6S^^U' 
y *3 

10 i^^' 

(3 2) y:^ (OPTN) aS^S^ : 412 

15 [11 I ]St^$ti.7t5t'e-^M*^55iSti^l^<o3gefty^j5^Sr*2e>SXm, 

6. gt*3®40Xm[ I ]J-*3VNX. (1)^ (1 3) *5J:t:JS (1 6) ~ (1 9) 
( 1 ) mix- K-fe y Vit-^T- : = h'>'m-^ 198 {fijSS y 

(1 3) AT2 (7'>'^:^^>'i^:^ii^^#:2) 5i:^^ : 3123 t£;dSix 

(16) S-HT2A (-fe t3 h i^S^^: 2a) 3lte^ : 102 ffids^^ ^ 

25 fcfi-i^he^V 
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(17) 5-HT2C (-feo hi^:^^mfii 2C) 3^^^ : K>^^ 23 ^ffii^'^'J^ 

(18) CACMAIA (5&/U5^»>A^-\ri^^/^alA) Jg^-?^^^ 

(19) ATP1A2 irr V y y t> j^sk^^:?^ ia2) st-e^^M 

8. mi^'m.AiOTM.i I ]IC33V>X. (6) (8) *3it)« (1 1) ~ (1 3) 

10 (6)' 5 h=il^VVTm^=f' ■Mmm^90B9{iLt^Z^hiyly^1iL\±-r'f^X^ 
(7) 5 h^^-Kyrxt^-T- : :^^^-^910Ha:*S^^ V^^fcf^iS^T-^V 
( 8 ) 5 h K y TJt-^ : I^S^^-^- 9101 ^ii^'f- % /Si«'> h i^i^ 
(11) ATI (r V^:a-7^>">'>' 11 1 ) aS^-y- : ^3»^-713 

15 ( 1 2 ) ATI (T i^'¥J*-7'>'S^>' II 1 ) 5t^^ : 4feS*-^-521 

(13) AT2 (r:^=¥;r9'i^'>'>' II ^^#:2) at^iF^ : 3123 ^^^v' 

20 it*^ 8 \z.^mL<om^W(o^m:}7m. 

(3 3) TP53 Jt^^ : = K^l^#- 72 ^fl:*Sr/U:¥=:^^fc»^» y >^ 
25 (3 4) * ^' tay'— AMitsi^df^i^Kfc K^—- ^ (BPHXl) agfS^ : = K>'l|-^ 



rAn>f nrnvirfed bv USPTO from the IFW Imaqe Database on 03/10/200S 



113 'la^s^'-B e^^^fct* t -^^^^v 

[III] ^ iT^^St-e^Md* v—^/ViH 6^51^6^ y ^ s ni^ 

12. 3te^#M^. RFLPSSv PCR-SSCPS5. ASOy^^zf])^ 
^-^^i^^l^^^ Ui^ \'i^^J!r>'^Wi. DGGEfe. RNa 
s eA^^^^ ^t^mm^. DP Life. Ta qMa n PCR^fe, ^ i^^^^^ 

10 Jfe. MALD I -TOF/MS5S. TDI?*. — WAVESfes — 

13. fijiTro CD — (3 4) *=»e>/i«iJ^/w— :3^J:«j3§^*iT/5 — =>£t_h<^ 
15 h, 

(1) rti^ Ki=y ^^it-IS^ : = K^#^ 198 {StidS y i^V^^f*T;5^/'-«9 

(2) EDNi (ici^ K-fe y 1) m.^'^:MMm-^-i.3iom>>f-%'^i^ii:ni^T 

(3) EDNRA K-fe y at^^ : m^"^ 70 ^a^s-s^ h v^-^^ 

(4) EDNRA (31 If -fey >'%m^m at^^=- : - 1222 -giZlS v- l> ^^i^^ 

(5) EDNRA (3i>' K-fery i^S^i^lC) at-e^: ^ K>'#-g- 323 'C£;4S t ^^i^>' 

25 (6) 5 N^i^Ky rat-e^ : i^^-^9099{4:asi^hV^'^fe{*T-7'^>' 
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(7) 5 h=ii^Ky7'3S'e-?^:i^*#-^9101'iac*s<5^5V^fcf*j5^7'^ii^ 

( 8 ) 5 h y TikB^ : Mmm-^ 9101 m>^^ ^ ^-a v -vi^ 

(10) * Py r®'^^ : llVTS^dS^T'r^^'^&^bT^— 3^ 

5 (1 1) ATI 3t^:J^^-^-713^f;&s^ 

(12) ATI 3tG^ : i^^-g-sai-fifc^s-V 

(1 3) AT2 (Ti^^:^7=->'*:^i^II^^#^2) S^^tF : ^3£#-^ 3123 te:5Si^ 

10 h->'>'^fcJ*'?''r^^>' 

(14) CNRl (5» ^-T^ try' K^^^t^ 1 ) St-^^ : ^M^-^ 1359 m^^T^z. 

(15) CNRl C;«7i-':^ii'>'^ KS^flsi) 3t^^ : i^^m^ 385 '(a:;as->' b 5^ 

15 (16) 5-HT2A (-fer a h^^^^mi^ 2A) it^-^ : 102 fS^Sgp-^ 

fc{*^> ^^^v• 
(l 7) 5-HT2C (-feci h:=.i^g^fls: 2c) 5t€c^ : = Kv-ff-i- 23 

>'*:/t«-fe y 

(18) CACNAIA (>?>y>S^«?A^^i^^^^alA) 3a^^#M 
20 (19) ATP1A2 (-?- b y y «>A7j*V:7'la2) 3te^#® 

(2 0) HSP70-a (t— y^:7'crv^^ 70-1) at-^^ : 190 

■fe^s I* V h e/'i^ 

(21) MTHPR (^ ^ t'V-r h ^ li Ka3gmiS5c^il?) : 677 

25 (2 2) PONl (^■S^^a-'Sf-y'^ — l) it^^ : ^ Ki^#-^ 192 ^*S^ry 
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(2 3) PON2 2) : = KVS'^ 311 iSLA^i^^^^ 

(2 4) MNE-l (-^by ^1) st'e^co:/^^— ^— 

S ^K:*3»tS 1G/2G 

(.2 5) MNP2 i-^hV iy^^^^^':^^7'T^^2) Jt'&T- : ^^#4-1306 

(2 6) MNP3 ("^ h y jyjs^:'^^ i?t=:5^o"9^r— 3) at'&7^ro7*t3^— ^— ® 

10 (27) BIAR ( /5 1 r Ki'-^ y V^^^*:) Jg^^ : = 49 y 

(2 8) BIAR (^i.T K^':^y V3S^*f:) itfe^ : = K^'#-§- 389 m^ir\> 

(2 9) B2AR "(i3 2 r Ki^-?-y VS:?^^:) jS-B^ : = KX^-^l 6<£*STyi''¥ 
15 :^>'^/ttti/y.5/>' 

(3 O) B2AR (P2 7- KUt^y >'^^#:) Jt^^ : = K:^#-^1 6 4{idS:;<.v 

(3 1) ^^^i^y ^'m-S^ : = K>'#-8-369fi£dS7*=/i'T9^:^*yjit*w-f 

20 (3 2) J^-T-^i^*— y (OPTN) : J^Sli-^ 412 'Ct;6S^>^r ^i^^fc 

(3 3) TPSSat-^-^ : =1 F:^##-72'(a3dST/l-=¥i=^>'-*fc«'7^n y 
(3-4) 5:?'ny— AMicsK^-VFt K^-^*^ (ephxi) S-^^F : = K^-^-^ 
113 'ei;6S9^a i^^-^fcf^fc ;5^^^>' 
25 14, Se»t2:^S?*i®SPJiUfc<2:^o?3t^^F<Z>7"7^-=5'— l^fef*:?'"— 
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15. &L-f<0 (1) (32) T'JzD^StuS— o£t_hcr> 

iy ho 

5 ( 1 ) y :x5t<^ : = K^-S-^ 198 ^Sfcis y i^^^^fct^Ti^^-s^^^i^Sr 

(2) EDNl (3i>'K'fey VI) 3tig^:4£^-^~137O«^;0S^ 5 fetter 

(3) EDNRA (=f^>' K-fey ^-^^f*:) it-fe^ : 70 -BtjJSix h'^'^lfe. 

(4) EDNRA <3i:^ F-fe y >'S^f4c) m.^^ : :BaS#^ 1222 ^d^i^ h t^i^^ 

(5) EDNRA (=ci^K-fery i^S^#:) ag^^ : := Ki^#-i-323ifc;5Si:;;^^i>>^ 

i 

15 ( 6 ) 5: h =3 K y rm^'T- : mm^-^- 9099 te^sv^ h'>v^fcf*Tf*^i^ 

( 8 ) 5 K = K y r aUS^ : 9101 iiLU'^T 5 h 

( 9 ) ^ h =1 V K y rat^^ : iS:^^ 9804 m^^'r^^^-^iti±-r7'=^>' 

do) 5 bs^'Ky T5t^K^ : *gS#-^ll778^£*s^^T=>'d*br^=.:^ 
20 (11) ATI {Ti^'^^l^'Z^i^ TT^S^^l) St'&T- : lglS#-^-7 13^*5^ 

(12) ATI (T>'d?:^v'i^->i^ ii^^f*:i) Jt-fi^ : :^»-^-52l tSfc^s-;^ 

(1 3 ) AT2 (r II S^^2 ) : 3123 'e£;5S-> 

25 ht^:^'ki^i^T^^i^ 
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(14) CNRl (;{yv^try-f ::^S#-g^i359{fc;&Sj5^:rc= 

(15) CNRl Y^mW 1 ) 5t^^ : 385 ^SiS'i' h 
5 (16) 5-HT2A (^ a h i^^^*4= 2a) Jt^-^ : Mm^-^ 102 -ffc^s-^i- f 

(17) 5-HT2C (-ten hr;vS^#:2C) atfcKF- : =« 23 ^a::d5S^^S^ 

(18) CACNAlA (:^yvs'>?A^-\' VJ^^yValA) ag'^^^M 

10 (1 9) ATP1A2 (ri-V^) "^^/^Jry •^^J}fV>^lcc2) it-K^^M 

(2 0) HSP70-1 (fc— 3 y n -7^ W'^' 70-1) aS^^ : 190 

(21) MTHPR (P< ^ l^^'"?" h ^ K K l35S®iiS5cS^3it) SSe-^ : m^r%- 677 

15 (2 2) PONl . (x^9;:a-dF•y•:^— e 1) al-fiS^ : FV^-^ 192 ms^'^)}''^-^ 

(2 3) PON2 (^-?9:i-^y:? — 2) m-e^ : 3ii 

(2 4) MNPl (-^MJ yi?':5^^^'«3:7^cr'^T— ^1) at^^e^^^o^"" tJ^'-tS 

20 JSSfJl^Jtt^ 1G/2G 

(2 5) MNP2 (-^ h y ?^^;^;^^5'tJ:7"Civ^7'— ^2) Jt'K-^T^ ; *§;^®-§-i306 

(2 6) MNP3 (*^hy 5x4'^^7«^'w:?'a7^7'— ^3) 5t^^c^:5^P^'-^^lH 

25 (2 7) BlAR (3 1 T Kt'-^-y i^S^*:) 5t<fi^ : ^ K>'fi^ 49 'SCjaS'tr y >- 
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(2 8) BIAR (5 1 T Y\>^-r\>l^^'S^W) mim=F : K:^#-§" 389 ^fej&S^J^y 
(2 9) B2AR (,02 T Kv^y ^'^^^^i:) aSS^ : » K^'^'^-l 6ife3&S7'/V'¥ 
(3 0) B2AR (i3 2 T Kl^-:J-y >'^mW> at^^ : K^'^^l 6 4k*s^V 
(3 1) ^Ji-'^y ^-iSe^ : =^ K>'li-^369ms:7ai=/vr^=.V'^^t*ci^ 
10 (3 2) y (optn) aS-B-?- : 412 i^T^l^^tc 

•#tp|t*=^ 1 5 lcm^<0 '^•yho 

17. JBITO (l)s (13) *3j;tJ« (16) - (19) 7"<}; 

( 1 ) V K-fe y i^JS-^ J ^ K^'^-l- 198 -ec** y t^:^^fc»rx^<9 '¥>'«r 
( 1 3 ) AT2 (T II ^^ftc 2 ) 3te^ : 3123 

20 hv^^^^tttr^^^- 

(16) 5-HT2A (-fe a h=^>^mimi^ 2A) it©^ : mM^-^ 102 i^i^'f' t 

(1 7) 5-HT2C (-feci h^>'S^**c2c) st^^ : = Kv^-^ 23 

V^fctt-feyi^ 

25 (18) CACNAIA (;«7yVi^ ^5=-^' i^-^/l' alA) at^-^-^^M 
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(19) ATP1A2 (r)-hV i>A/^5ry «>A5i?>':?'ia2) m^^^m. 

1 9. JBitT<^) (6) ~ (8) *3,fcT^ (11) ~ (13) 

(6) $ h3VKy:rjte^ : 9099 fids '>b'»'^^t*7''^—>' 

(7) 5 faV'Ky Tit-^^ : iSSfi-?- 9101 ■j&dS-^S i^^fcl^^Ti^^V 
( 8 ) 5 h =r K y rate^^ : 9101 ^:d5f^ 5: v^fcrat^ h 

10 • ( 1 1 ) ATI (r -^^:i-'r ^>>i^ ii 1 ) it-e^ : m^^-^-713 te*s^ 

(12) ATI <rv^::*-^>'5^i^iiS^#:i) at^^ : tSM'-^-Sai'ffiCASJ^ 

(1 3) AT2 (:r>'^;3-9'>'*>'i^llS?^#:2) ^-e^ :*£S#-^3123'j&3SS'>' 
15 hi^V^fct^T.T^— 

— ■T'^'g-tfit*^^ 1 9{2:|BS|S«5^9' ho 

2 1. ^^i^To^ (33) ~ (34) <7?3te^«>-7'9-i'-^'-*^tf*"7'B— :7^Sr'^ 

20 (3 3) TP53 it-e^ : = K^^-i* 72 ^;&XT/V^=i'^^*:tt:7"» D 

(3 4) $i^o>^— AM^^K^i^'Kfc If (EPHXl) Jt-e-? : K^'H'^ 

113 -(Sas^ct W^:fc*^J; 

25 2 3. ^s#-§- 9099 '6J::6S'>' hi^^^d^fer^^i^tJiggmuyt^ h3>-KPr 
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15 3 1. T^^^f-^i^>' II ^^*f= 2 3t©^©iS^#-^ 2123 h a^^'^ 
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